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The big amount of electrical and electronic equipment that will be installed in the four LHC 
experiments will cause important heat dissipation into the detectors’ volumes. This is a major 
issue for the experimental groups, as temperature stability is often a fundamental requirement 
for the different sub-detectors to be able to provide a good measurement quality. The thermo-
fluid analyses that are carried out in the ST/CV group are a very efficient tool to understand 
and predict the thermal behaviour of the detectors. These studies are undertaken according to 
the needs of the experimental groups; they aim at evaluate the thermal stability for a proposed 
design, or to compare different technical solutions in order to choose the best one for the final 
design. The usual approach to carry out these studies is first presented and then, some 
practical examples of thermo-fluid analyses are presented focusing on the main results in 










The big amount of electrical and electronic equipment that will be installed in the four LHC 
experiments will cause important heat dissipation into the detectors’ volumes. This is a major issue for 
the experimental groups, as temperature stability is often a fundamental requirement for the different 
sub-detectors to be able to provide a good measurement quality.   
Thermo-fluid analyses have been carrying out in the ST/CV group, by a team of 4 to 6 persons, 
in order to understand and predict the thermal behaviour of particle detectors. These studies are 
undertaken according to the needs of the experimental groups. The usual approach to carry out these 
studies is first presented and then, some practical examples of thermo-fluid analyses are presented for 
each LHC detector, focusing on the main results in order to illustrate their contribution. 
2 CONTEXT OF THERMO-FLUID ANALYSES 
The four LHC detectors (ALICE, ATLAS, CMS and LHC’b) consist of different sub-systems (or sub-
detectors), which feature electronic and electrical equipment for the powering and data acquisition. 
This equipment dissipates heat and is sometimes totally embedded inside a sub-system, which can 
affect its thermal stability.  
Depending on the amount of dissipated heat, the required temperature level and stability for a 
given sub-system, and the equipment configuration, a dedicated cooling circuit can be necessary in 
order to remove the heat dissipated and to avoid any heat attack from the ambient. In such a situation, 
the thermo-fluid analysis aims at estimating whether the proposed cooling system allows the required 
temperature level and stability to be reached. If necessary, other cooling solutions can be proposed and 
evaluated with further analyses. 
For subsystem working at ambient temperature where the dissipated heat is low enough and the 
equipment configuration is reasonably opened, air convection can be used as cooling means; the heat 
released to the air is removed by the ventilation system, which is installed in all the experimental 
caverns. In such a situation, the purpose of a thermo-fluid analysis is to estimate whether air 
convection is enough to cool down the sub-system, or whether a dedicated cooling is necessary.  
3 GENERAL APPROACH 
An analysis is usually undertaken following a request from an experimental group (users) to ST/CV. 
The problem submitted is first analysed in order to clearly understand the user’s needs and to exhibit 
the main thermal issues. From this first approach, assumptions are made in order to simplify the 
geometry (which can be complex in some cases) in a way that does not affect significantly the thermal 
behaviour of the system. Then a CFD (Computational Fluid Dynamics) model1 is built and a 
simulation is carried out on it, using StarCD2 software. The results given by the simulation are then 
presented and commented to the users.     
4 ALICE 
4.1 Cooling of TPC resistor rods 
The TPC (Time Projection Chamber) is a sub-detector of ALICE. It consists of a big cylindrical gas 
volume (drift volume) enclosed in between the inner and outer containment vessel (see Figure 1). Four 
long and thin rods (few cm diameter) are installed inside the volume along the inner and outer walls. 
Electrical resistances are placed inside the rods in order to provide an electrical field along the TPC 
volume. It is required that the temperature gradient inside the TPC volume remains within 0.1 K; the 
rods need therefore to be cooled in order to avoid the heat dissipated by the resistances (about 100 W) 
to be released to the TPC volume. The reason of the thermo-fluid study [1] was to check whether the 
rod cooling is enough to avoid any thermal perturbation of the TPC volume.  
                                                 
1 A CFD model consists of splitting in individual cells the geometry that is to be simulated. 







Figure 1: ALICE TPC 
Figure 2 shows a picture of a rod, the resistances located inside are connected via thin wires to 




Figure 2: TPC rod 
The rod cooling is made with an air stream circulating inside. As it was not possible to address 
the full problem with one CFD model, it was decided to proceed in two steps. A CFD model of a 
single rod is first built and simulated; this model includes the solid structures (tube, resistances...) and 
the air stream. The results given by this simulation allow an estimation of the heat released by the rod 
to the outside (i.e. the drift volume). Then, a model of the TPC volume is built where the heat load 
calculated before is used as an input.  
Using the methodology described above, the cooling configuration proposed by the ALICE 






appeared already at this first step, that the heat released to the drift gas was too important to keep the 
required temperature gradient inside the TPC volume.  
 
Figure 3: rod cooling (initial configuration) 
Two other configurations for the rod cooling, based on a return air stream, were proposed; one 
with a single wall tube (as in the first configuration), and the other with a double wall tube filled by a 
gas insulation volume (see Figure 4). 
 
Figure 4: rod cooling (modified configurations) 
The temperature map inside the TPC given by the simulations in these two configurations are 
shown in Figure 5. The single wall configuration gave better results than the initial one, but still not 
satisfactory as the temperature gradients exceed 0.1 K (The temperature varies from 19.8 to 20.1oC). 
The double wall configuration gave satisfactory results, as the temperature gradient does not exceed 
0.04 K in the TPC volume (the temperature varies between 20 and 20.04oC) except in the close 
vicinity of the rods; but in these areas the temperature stability requirement does not apply. This last 
configuration was kept as a baseline design by the experimental collaboration.  
 
 
Figure 5: temperature distribution in the TPC volume – rod cooling with a return air stream – single wall (left) 







4.2 Thermal distribution inside L3 magnet 
The central part of ALICE is embedded in the large L3 solenoid magnet. This part contains several 
sub-detector (see Figure 6): the TPC, the Inner Tracking System (ITS) of high-resolution silicon 
tracking detectors, two particle identification arrays of time-of-flight (TOF-PID), Cherenkov counters 
(HMPID), a single-arm electromagnetic calorimeter (PHOS) and transition radiation detector (TRD).  
 
 
Figure 6: ALICE detector 3D layout 
 
Low voltage cables and bus bars will be installed inside the L3 magnet and will be dissipating 
heat (about 3.2 kW). The purpose of the thermo-fluid analysis [2] was to predict the temperature 
distribution inside the L3 magnet. Indeed, the temperature gradients should remain as low as possible 
in order not to disturb the environment of sub-detectors such as the TPC. Two main configurations 
were simulated, one with pure free convection and the other one with a forced ventilation inside the 
L3 magnet (air flow at 6000 m3/h) 
To do so, the whole air domain inside L3 magnet was modelled with StarCD. The simulated 
temperature maps are shown for both configurations in Figure 7. It can be seen that the temperature 
stratification (from 20 to 30oC) that takes place in the free convection case is considerably reduced in 
the ventilation case where a good temperature levelling of the volume in reached. The advantage of 







Figure 7: temperature map inside L3 magnet – free convection (left), forced ventilation (right) 
 
4.3 Other studies being done 
In order to complete the whole picture of ALICE thermal behaviour, other studies are being done. 
They concern the ITS sub-detector and all the interface between the ITS and the TPC. Indeed the 
thermal requirement for the TPC being very tight, the thermal influence of the other sub-systems 
needs to be carefully studied. 
5 ATLAS  
5.1 Muons Endcaps 
The Muons Endcaps sub-detector consists of four wheel-shaped structures installed symmetrically at 
both ends of the detector. The two outermost wheels are called EO and EM and the two innermost EI 
and EE (see Figure 8). These wheel structures are not uniform and they consist actually of muons 
chambers assembled altogether. Each muons chamber features its electronic equipment dissipating 
heat (48 kW in total). 
 
 
Figure 8: ATLAS detector 
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The alignment of these chambers will be achieved by means of light rays seen by CCD cameras. 
This operation will be performed continuously during the detector’s lifetime in order to know the 
chamber location at all times. To avoid any perturbations that would hinder the chamber location 
monitoring, the light rays need to operate in an environment where the temperature gradients are as 
low as possible. 
The reason for the thermal study [3] was to check whether the air ventilation in the experimental 
cavern is enough to remove the heat dissipated and to keep stable the air temperature in the end cap 
environment. To do so, the whole ATLAS detector (with an emphasis on the muons Endcaps area) 
needed to be modelled because of the strong 3D behaviour of the airflow. Because of the great 
complexity of the detector, many geometrical simplifications were made to build the model. In 
particular, the muons end caps were assumed as disks dissipating heat uniformly. The experimental 
cavern ventilation system was also included in the model (see Figure 9); the air is supplied close to the 
cavern floor through diffusers and extracted at the top; a small part of the air flow (about 8%) is also 
extracted at the bottom, this allows the argon to be evacuated efficiently in case of a leak from the 
detector. 
Figure 9: ventilation system in the ATLAS cavern 
The temperature map in a longitudinal section of ATLAS detector is given in Figure 10. The 
two “chimneys” at the top of the figure correspond to the air extraction. It appears that the simulated 
temperature gradients in the areas around the four wheels (E0, EM, EE and EI) remains within 
reasonable limits for the light rays operation (5K maximum). 
4 diffusers on the long side






Figure 10: temperature map in a longitudinal section of ATLAS detector 
5.2 Muons Barrel  
The muon barrel is located in the central part of ATLAS  (in between the end caps). It consists of three 
concentric layers (BO, BM and BI, see Figure 8). As for the end caps, each layer is made of many 
individual chambers assembled altogether. Each chamber features its own electronic equipment. As 
the muon barrel is a rather confined space, the air ventilation in the experimental cavern might not be 
enough to remove the heat. Furthermore, the temperature gradients across the muon chambers should 
not be too high  (less than a few K) to avoid any structure deformation that would hinder the 
measurement quality. A first 2D analysis was carried out and showed that the gradient should be 
acceptable [4]. Since then the dissipated heat figures have been considerably increasing, another study 
is therefore being done to recalculate these gradients.  
6 CMS 
6.1 Cooling of ECAL Endcap 
The ECAL Endcap is a sub-detector of CMS. The core of ECAL Endcap is made of lead tungstate 
crystals for the particle detection. In order to work in good conditions, the crystal temperature needs to 
remain within a gradient of 0.2 K in time and 2K in space. Figure 11 shows an exploded view of the 
sub-system, the crystal array (in yellow) is separated from the VFE electronic equipment (Very Front 
End) by a back plate. The crystals temperature is kept stable by conduction form the back plate, which 
is water-cooled at 18oC±0.05 K. The crystals are additionally protected from the ambient by the Inner, 
Outer and Front Environmental Screens (IES, OES and FES).  The SE support cone is a piece located 











Figure 11: exploded view of ECAL Endcap 
In order to avoid humidity, nitrogen will circulate inside the SE cone; the temperature of the gas 
is expected to vary of about 3K from its mean (18 to 21oC). The reason of the thermal analysis [5] was 
to check whether the back plate cooling is able to keep the crystal array temperature stable despite the 
nitrogen temperature fluctuations or whether an additional insulation for the SE cone is necessary. To 
do so, two configurations (with and without insulation of the SE cone) were simulated. 
The results are summarized in Figure 12. It shows for both configurations, the temperature 
evolution, in three different locations of the crystal array (close to the central hole, centre and outer 
part), for three different nitrogen temperature (18, 19 and 20oC - no temperature evolution was 
observed between 20 and 21oC). The crystal temperature evolution versus nitrogen temperature can be 
associated to time fluctuations; the crystal temperature differences between the three locations can be 
associated to space fluctuations. It can be seen in both configurations that space fluctuation remains 
well below 2K, and time fluctuations remains below 0.2 K. An insulation of the SE cone is therefore 
not necessary; this is an advantage for the construction as it is was not easy, in that case, to find 
efficient radiation hard insulating material. 
 
 
Figure 12: temperature evolutions in CMS ECAL Endcap crystal array. 
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6.2 Other studies made 
The ECAL barrel is the central part of ECAL situated in between the end caps. The core is made of 
lead tungstate crystals too, with tighter temperature requirements (0.1 K in space and time). The 
crystal array is connected to the VFE electronics for data processing. For construction reasons is was 
not possible to put a uniform separation as efficient as a back plate between VFE and crystals. 
Therefore each VFE electronic boxes is isolated from the crystals by a water-cooled thermal shield. 
The thermal analysis [6][7] consisted of modelling a set including one electronic box with its thermal 
shield and the connection to the crystals. Figure 13 shows a drawing of this set and the corresponding 
CFD model with temperature distribution; for symmetry reasons, half of the electronic box is 
modelled. The hottest area is close to the heat dissipating chips; the crystal area is well protected by 
the thermal shield. The simulation helped to check the validity of the design. 
 
 
Figure 13: Model of one CMS ECAL barrel electronic box 
The Preshower is another sub-detector of CMS, its working temperature is –10oC. There are 
electrical connectors (galvanic feed through), linking the heart of the sub-detector to the environment. 
The thermal study [8] helped to check that the heat flux through these connectors does not lead to 
condensation outside the sub-detector. 
7 LHC’B 
The collaboration with LHC’b experiment is more recent. The studies which are being done concern 
the muons chambers and the RICH detectors (RICH1 and RICH2). 
The work done on the muons chamber has a similar purpose than for ATLAS, it aims at 
estimating whether the ventilation system in the cavern is enough to remove the heat from the 
electronic.  
RICH2 consists of a big volume where CF4 gas will be circulating. Electronic equipment 
dissipates about 600 W into the volume. A thermal study aims at estimating whether this flowing gas 








RICH1 consists of one volume with nitrogen separated by a quartz layer from a volume with 
C4F10 gas (see Figure 14). The nitrogen volume is isolated form the ambient by iron; electronic 
equipment dissipating about 400 W (heat source) is located inside this volume. The goal of the thermal 
study is to investigate the temperature level around the electronic in a free convection situation. The 




Figure 14: RICH1 geometry 
8 CONCLUSIONS 
An extensive (but not exhaustive) point of view of thermo-fluid studies contributions was given. 
These studies are mainly based on CFD simulation and provide a real help to the experimental 
collaboration for the design of particle detectors. 
The success of these studies is based on a close collaboration and a good interaction between 
ST/CV and the experimental groups.  
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